We h a ve derived the largest class of bounded linear time-invariant operators that preserve positivity of repeated monotone nonlinearities. It reduces conservativeness of IQC stability analysis of systems having repeated monotone nonlinearities to the minimum possible. Utility of this characterization stems from the fact that such nonlinearities are typically encountered in stability o f a n ti-reset windup schemes among other applications. We h a ve also derived the time varying counterpart of this class of operators.
I. Introduction
In stability analysis, a given system S is often decomposed into two i n terconnected subsystems | a linear time invariant subsystem H in the feedforward path and an otherwise subsystem in the feedback path. More often than not, a repeated monotone nonlinearity, s a y N, is encountered as the subsystem (see, e.g., 1], 2], 3], 4], 5] and references therein). A k ey step in multiplier based stability analysis of such systems is to characterize a class of multipliers, i.e. a class of convolution operators, s u c h t h a t e v ery element M of it preserves positivity of N in the sense that N 0 implies M N 0. Stability of the system is then deduced if there exists at least one such m ultiplier M such that MH>0 and if, in addition, H has a nite gain (see 6, Theorem 2], 1], 7] and references therein for a detailed relevant discussion). E ectively, positivity preserving multipliers give a n i n tegral quadratic constraint (IQC) characterization of N (see 8] for IQC's | theory and applications). The larger the class of the positivity preserving multipliers the better it is, for the sharper is its IQC characterization and the lesser is the conservativeness in the stability analysis.
The best available class of positivity preserving multipliers so far for repeated SISO monotone nonlinearities is the one recently derived by D'Amato et al 1]. Whether it is the best possible as well has been unclear. It turns out that they have stipulated an unnecessary condition on the multipliers. Identifying and relaxing this condition, in this note we h a ve obtained a larger | indeed, the largest possible | class of positivity preserving multipliers for such nonlinearities. Speci cally, w e h a ve c haracterized the largest possible classes of both linear time-invariant a s w ell as linear time varying operators that preserve positivity of such nonlinearities. Essentially, our results generalize the non-repeated monotone nonlinearity results of Willems 9, Ch. 3 ] to the case of repeated monotone nonlinearities.
Saturation nonlinearities, dead zone nonlinearities, sigmoidal nonlinearities are some of the many examples of monotone nonlinearities. When input-output channels of , or a sub block of it, feature the same such nonlinearity, an instance of repeated monotone nonlinearity is on hand. Computation of stability margin of anti windup schemes is one of the engineering applications in which repeated monotone nonlinearities appear (see, e.g., 1], 3], 10]). Reduction of conservatism in such stability margin estimates is thus a motivating application of this paper.
The paper is organized as follows. In Section II, the necessary terminology is introduced and the problems are formally posed in Section III. Background results are in Section IV. Our main results are presented in Section V and discussed in Section VI. The paper is concluded in Section VII.
II. Preliminaries
The notation used is summarized in Table I The sequences fxg and fyg of real scalars are said to be similarly ordered if x(k) < x (l) implies y(k) y(l) for all k l 2 Z. They are said to be unbiased if x(k)y(k) 0 8k. They are said to be similarly ordered and symmetric if they are unbiased and, in addition, the sequences fjxjg and fjyjg are similarly ordered. 
